ABSTRACT -A digestibility trial with 16 to 21-day-old turkeys was conducted to study the effects of feed form and corn particle size on the coefficient of total intestinal tract apparent digestibility of dry matter (DM), nitrogen (N), ether extract (EE), aparent metabolizable energy (AME) and aparent metabolizable energy corrected by nitrogen balance (AME n ).
Introduction
Feed form and average particle size of cereals are factors that deserve attention when manufacturing turkey feed according to the different rearing phases. Particle size reduction is a relatively simple practice and aids the mixing of feedstuffs included in feeds; however, there are practical limits to particle size reduction. Studies reported that birds have difficulty in consuming feed that is excessively larger or smaller than their beak dimension (Moran, 1982; Nir et al., 1994a) . The idea that feed particle size reduction increases the surface area of feed contact with digestive enzymes (Jurgens, 1993) , thereby improving nutrient digestibility, does not seem to apply to birds (Nir & Ptchi, 2001) . Unlike mammals, birds can compensate their relative short intestine length by reverse peristalsis, where the objective is to re-expose the intestinal digesta to enzymatic secretions in order to optimize digestion (Duke, 1992; Nir et al., 1995) . The gizzard is an organ that regulates intestinal transit and is influenced by feed particle size (Nir et al., 1995; Mai, 2007) . There is a positive correlation between the average particle size of ingested cereals and gizzard relative weight (Ribeiro et al., 2002; Dahlke et al., 2003; Favero et al., 2009) , and studies have shown that feeds produced with coarsely-ground cereal grains increase intestinal transit time and digesta retention in the proximal portion of the gastrointestinal tract (Duke, 1992; Mai, 2007) .
Studies of Charbeneau & Roberson (2004) , focusing on phosphorus use in turkey poults reported that total P and phytate P retention increased as size increased for corn (606 to 1,094 μm) and soybean meal (501 to 856 μm), resulting in decreased rickets incidence and contributing to an increase in tibia ash; at 28 d of age, tibia ash significantly increased (P = 0.019) with coarse corn (42.3 %) vs. the finest corn (39.4 %). Although average particle size of corn has been frequently investigated with broilers, there is little information on effects of average particle size of feedstuffs for turkeys. This study aimed at evaluating the effect of average particle size of corn in crumbled and micropelleted diets on the coefficient of total intestinal tract apparent digestibility coefficient of total intestinal tract apparent digestibility of dry matter (DM), nitrogen (N), crude fat (CF) and apparent metabolizable energy corrected by nitrogen balance (AME n ) by young turkeys.
Material and Methods
Three hundred and sixty 1-d-old B.U.T 9 male turkey poults were obtained from a commercial hatchery and previously beak-trimmed. At the arrival at the experimental facilities, poults were individually weighed and distributed into 36 cages, each one measuring 0.90 m 2 . Temperature was maintained at 32 °C at placement and was gradually reduced to ensure comfort. Birds were reared under a continuous lighting program reduced to 12 light-hours:12 days. There were six treatments with six replicates of ten birds each, arranged in a 2 × 3 factorial design: two feed forms (crumble and micropellet) and three average particles size of the corn (380, 606, or 806 μm).
Birds were not submitted to any unnecessary discomfort, and directives of the Ethic Committee of the Agrarian Sciences Sector (CEUA -SCA) of the Universidade Federal do Paraná were followed.
Diets were based on corn and soybean meal. The nutritional and digestible amino acid concentration levels were formulated according to the breed manual (Aviagen Turkeys, 2007) , (Table 1) , and applied to all treatments. Diets were isonutritious, varying only as for feed form and corn particle size. In order to obtain different average particle sizes, corn grains were hammer-milled (Buhler CH-9240) with 1.8, 3.0, and 3.5 mm diameter sieves. The method described by Zanotto & Bellaver (1996) , was used to numerically characterize corn after milling using sieves. According to the method, 200 g of the milled sample were oven-dried (105 °C, 24 hours) and fractionated through a series of sieves with different sized openings. The fractions retained on each sieve were quantified by weighing, and their geometric mean diameter (GMD) was calculated using the "SOFTGRAN" software developed by Embrapa Suínos e Aves. The following corn GMDs were 380, 606 and 806 μm, classified as small, medium, and large; geometric standard deviations (GSD) of 2.07, 1.99, and 1.87, respectively. Soybean meal GMD was 785 μm in all treatments.
The pelleting process was performed at 4 mm pellet diameter (Van Aarsen -C900) and pellets were crumbled in a roller mill resulting in a crumbled diet. The micropelleted diets were made at 1.8 mm pellet diameter (CPM 2000) . At the end of the diet manufacturing process, samples from each treatment were collected and submitted to duplicate analysis to assess the crumbled feed size profile and the physical quality of micropellets. The retention percentage in sieves measuring 1, 2, 3 and 4 mm was used to evaluate the crumbled diets. Pellet durability was expressed as the pellet durability index and was evaluated by the method of the A metabolism assay was carried out from 16 to 21 d of age.The birds were reared until the beggining of the study with the same experimental design and corresponding diet. The method of total excreta collection was applied as described by Sakomura & Rostagno (2007) , using a ferric oxide marker at 1% to define the beginning and end of the excreta collection period. Metal trays lined with a plastic film were placed under the cages to allow excreta collection, which was collected twice daily (08:00 am and 06:00 pm) and samples were pooled per replicate and immediately frozen (-20 °C) . At the end of the assay period, total feed consumed and excreted was determined. Excreta samples were dried in a forced-ventilation oven at 55 ºC for 72 h. Diets and excreta samples were analysed in duplicates for gross energy using an adiabatic bomb calorimeter (IKA -C 2000) and DM, N, and CF according to AOAC International (2000) . Based on the results, the coefficients of digestibility were calculated according to the formulas described by Sakomura & Rostagno (2007) .
The data were analysed as a completely randomized design with treatments arranged factorially with feed form, average particle size of the corn and its interaction as main effects, using PROC GLM SAS (Statistical Analysis System, 2001). Individual cages represented the experimental units and the results are presented in tables as mean. All differences were considered significant at P≤0.05. When the model was significant, treatment means were separated using the Student-Newman-Keuls test at 5% level to make pairwise comparisons between sample means.
Results and Discussion
An interaction between feed form and particle size was observed for the coefficient of total intestinal tract apparent digestibility of DM (P≥0.05). The feed intake during excreta collection was not affected for the average particle size of the corn (P≥0.05; Figure 1 ). Feed form did not affect the coefficient of total tract apparent digestibility of any of the traits study (P≥0.05; Table 3 ). The coefficient of total tract apparent digestibility of DM, N, and CF increased as average particle size of the corn increased. Turkeys fed diets with corn ground at an average of 806 μm had higher coefficient of total tract apparent digestibility of DM (73.82) , N (61.9%) and CF (92.4%) than those fed corn ground at 380 μm with turkeys fed corn ground at 606 μm being intermediates (P≤0.05; Table 3 ). However, the feed form and the increase in average particle size of corn did not affect the AME and AME n values (P≥0.05).
Processing temperature can have significant effects on nutrient digestibility. Improvement in the coefficient of CTTAD % AME AMEn Table 3 -Influence of feed form (FF) and average corn particle size (GMD) on the coefficient of total tract apparent digestibility (CTTAD) of dry matter (DM), nitrogen (N), crude fat (CF), AME and AME n of turkeys of 16 to 21 d of age total tract apparent digestibility of CF and AME of broilers was observed when the diets received a heat treatment (mash and pellet) (López et al., 2007) . In our study, due to the pellet mill and speed processes being different between the diets (crumble and micropellet), temperature differed about 10 °C; however, the metabolism assay did not show influence in the coefficient of total tract apparent digestibility of DM, CP, CF, AME and AME n . Similar reports with broilers did not find improvement in the coefficient of total tract apparent digestibility of DM between mash and pellets diets (Bolton, 1962; Savory, 1975) and of DM, CP, and starch among pellets and expanded pellets diets for growing broilers (Lutch, 2002) . According to Amerah et al., (2007) , the interaction between feed form and average particle size of corn may be due to changes in feedstuff particle size caused by the pelleting process; however, more studies in this field are necessary. López et al. (2007) , evaluating different broiler feed forms (mash, pellets, and expanded pellets) did not find any differences in the coefficient of total tract apparent digestibility of DM, CP and CF among processed diets; nevertheless, coefficient of total tract apparent digestibility of CP, CF and AME in processed diets were improved in 2.9%, 7.5% and 4.5%, respectively, as compared with birds receiving feed in mash form. According to those authors, coefficient of total tract apparent digestibility of CP, CF and AME of processed feeds are improved because the temperature, moisture and pressure processing break the cell walls of grains, which facilitates the access of digestive enzymes to the cell contents (Ortiz et al., 1998) . Data from the current trial agree with those of Krabbe (2000) , who observed higher coefficient of total tract apparent digestibility in DM and N in 0-to 7-day-old broilers when the average particle size of corn increased from 561 to 763 and 997 μm. Moreover, these authors found an improvement of 63 kcal of AME n /kg in the feed when the average particle size of corn was increased from 561 to 997 μm. Parsons et al. (2006) , obtained a quadratic AMEn response as size of corn increased in broiler feed form from 781 to 2,242 μm, obtaining the greatest result with average particle size of 1,042 μm.
The time available for contact between digested particle and absorptive surfaces are likely to influence the hydrolysis and thus the absorption of nutrients (Mai, 2007) . Average particle size tested by Nir et al. (1994b) , showed that cereal grains finely ground (536 -574 μm) resulted in faster passage rate of digesta through the digestive tract of broilers, hindering the action of digestive enzymes and bile salts in the gut. Gastroduodenal reflux in turkeys involves virtually the entire content of the duodenum and upper part of the ileum lumen (Duke, 1992) . Studies on gastrointestinal motility using turkeys as an animal model show that the frequency of duodenal reflux in these birds is about 4 times/ hour, whereas in broilers and hens, according to Macari et al. (2002) , it may have a lower frequency. This duodenal reflux is related to the particle size of the ingested feed (Duke, 1992) . Therefore, it may be hypothesized that the effects on feedstuff average particle size on nutrient retention can be more evident in turkeys due to the difference in duodenal frequency and intensity reflux.
Conclusions
The physical form (crumble versus micropellet) of the diet does not affect the nutrient digestibility in turkeys at young ages. Grinding corn at an average particle size bigger than 380 μm improves nutrient digestibility of dry matter, nitrogen and crude fat in young turkeys. 
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